The Sciaenidae family belongs to the order of the Perciformes with species distributed in The Indian, Atlantic and Pacific Oceans and also in continental inland waters. The phylogenetic and taxonomy relationships of several genres and species are still controversial. Morphological and molecular studies have been undertaken to identify and classify correctly the sciaenid species and estimate their phylogenetic position. Mitochondrial DNA and nuclear DNA markers have been widely used in molecular studies. Since concern in monitoring scientific production is increasing, this study assessed quantitatively research works that employed molecular markers in studies of the Sciaenidae family, through the use of already published papers. The 42 papers analyzed on this study showed that the number of publications has been increasing over the past few years, but still few species have been studied so far. Most of the studies use mitochondrial markers only and aim at estimating the phylogenetic relationships. Results show that Sciaenidae phylogeny is still to be resolved. We suggest further researches with understudied species, especially more comprehensive analysis with molecular data associated with morphological studies.
INTRODUCTION
Studies on several animal populations through molecular techniques are highly relevant for conservation genetics and have been very useful on both commercially explored population studies and endangered species studies (Frankham et al., 2002) .
Sciaenidae, one of the many families of the order Perciformes, is an important worldwide fishing resource, with approximately 70 genres and 270 species found in the Atlantic, Indian and Pacific Oceans (Nelson, 2006) . It is numerous and diversified in both sea and in estuary areas of the western part of the South Atlantic, with 45 species and 19 genres (Cervigón, 1993) . Among them six genres may be found in continental waters and four (Pachyurus La Cepède, Pachypops Gill, Plagioscion Gill, Petilipinnis Cassati) inhabit the freshwaters of South America (Cassati, 2005) .
Morphological (Casatti, 2005) and molecular (Torres, 2006) studies have been realized in order to identify and correctly classify Sciaenid species and also to estimate their phylogenetic position (Jiang et al., 2014; Vergara-Chen et al., 2009 ). Among molecular analysis methodologies, those based on nuclear or mitochondrial DNA fragments triggered possible genetic and molecular studies involving a great number of individuals.
Mitochondrial DNA has been increasingly employed in the last thirty years to study the evolution of species and populations and has proved to be an efficient tool for molecular ecology and phylogeography (Ballard & Whitlock, 2004) . It has also been employed to evaluate the genetic variability of introduced fish populations (Prioli et al., 2002; Froufe et al., 2002; Gouin et al., 2003; Panarari-Antunes et al., 2012) .
Nuclear DNA markers are biparental in origin. They are frequently employed for phylogenetic reconstruction of several taxa and they may be eventually employed to detect hybridization between species (Freeland, 2005) .
Researches that make use of molecular markers to study the Sciaenidae family have been surely undertaken, but there is a growing concern on the monitoring of scientific production. In order to perform this assessment, metric, quantitative and qualitative studies are required.
Bibliometrics or Scientometrics is essential for the analysis of scientific production not only for the comprehensiveness of a region but also for a determined scientific area (Macias-Chapula, 1998) . Science may be analyzed through its quantitative aspects, generating performance indexes of scientific and technological development that may help in decision-making for the elaboration of a research project (Machado, 2007) .
According to Laurindo & Mafra (2010) , Scientometrics does not replace the analytic method on a specific subject but it puts research in the limelight and identifies which areas require more focus. Thus, the objective of this work was to evaluate quantitatively scientific papers that investigated species of the Sciaenidae family making use of molecular markers.
MATERIAL AND METHODS
This paper comprises a bibliometric analysis of publications involving mitochondrial or nuclear DNA molecular markers in studies on Sciaenidae family species. The collected data indicated the main markers employed and the mostly studied species as well as the development of this area.
Towards this bibliometric development, a research was undertaken based on papers listed on Thomson Reuters Web of Knowledge website, due to the great number of publications and the quality of indexed journals.
The keywords "mitochondrial DNA" and "Sciaenidae" were entered together in data banks as a search strategy, whilst a second search comprised the keywords "nuclear DNA" and "Sciaenidae". Repeated publications and papers that did not fit within the required parameters were identified and discharged. In order for the papers to be included in the sample, they should employ some molecular marker of mitochondrial or nuclear DNA to solve taxonomic or phylogenetic issue or any other problem within the Sciaenidae family. Review articles were not included in the samples. Besides the above restrictions, all articles found were taken into consideration regardless of the year of publication. We read, tabulated and separated the papers according to the year of publication, country in which the study was performed, species analyzed, molecular markers used and objectives. Survey was undertaken between October and December, 2014. Results were provided according to their relative numbers.
RESULTS
Fifty-five papers with the keywords "mitochondrial DNA" and "Sciaenidae" were found and 11 with the keywords "nuclear DNA nuclear" and "Sciaenidae". Of these, only 42 papers fitted in the research project and served as sample for scientometric analysis.
The papers were published between 1999 and 2014, and most publications occurred in 2009, 2011, 2012 and 2014, with five, seven, nine and five published papers, respectively ( Figure 1 ).
Mexico, Uruguay and India published one article each, along with some joint publications such as Spain/ The United States/Panama, Brazil/Germany, Spain/ Panama, Brazil/Australia, Italy/The United States, UK/ South Africa/Angola, with one article each, and 12 publications in total (28.5%) ( Figure 2 ). The countries with most publications with the use of molecular markers for studies on the Sciaenidae family were China, with 14 papers (33.33% of total publications), Brazil, with nine papers (21.42%), The United States, with four papers (9.5%) and Japan, with three papers (7.15%). France, Argentina, Korea, Most research papers dealt with Sciaenidae sea species, which is easily understood as the majority of species of the Sciaenidae family are actually seawater species. In fact, 34 (81%) out of the 42 selected papers studied only the sea water species; five (12%) studied sea and freshwater species and three (7.15%) were exclusively based on freshwater species.
24 genres and 102 different species of the Sciaenidae family were studied. Cynoscion, with 20 species, was the most studied genre, throughout 9 articles. The most studied marine species were Larimichthys polyactis (mentioned in 10 papers), Larimichthys crocea (8 papers), Collichthys lucidus (7 papers), Macrodon ancylodon (7 papers), Micropogonias furnieri (7 papers), Miichthys miiuy (6 papers); the freshwater species Plagioscion squamosissimus was studied in 6 papers (Table 1) .
In relation to molecular markers, Mitochondrial DNA was used in 32 publications, whereas nuclear DNA markers were employed in 10. We should mention that several papers used mitochondrial and nuclear DNA markers together (Figure 3 ). Ten (23.8%) out of the 42 papers analyzed, in which sequences of mitochondrial DNA were used, employed specific primers in order to acquire a complete mitochondrial genome. D-loop, the control region of mitochondrial DNA, was the most frequently used, present in 12 papers (28.6%), followed by cytochrome genes (cyt b) used in 9 papers (21.4%), RNA ribosomal 16S (rRNA 16S) used in 7 papers (16.6%), cytochrome c oxidase (COI) in 6 papers (14.3%) and gene ATPase 6/8 used in 3 papers (7.14%).
Most articles aimed to comprehend the phylogenetic position of the species within the Sciaenidae family or the genetic diversity and structure of the populations under analysis.
Related to the nuclear DNA markers, sequences of RAG 1, Tmo 4C4 and Rhodopsin genes were each analyzed in two (14.28%) of the investigated papers. The exon-primed intron-crossing (EPIC) marker, a nuclear marker type that provides various advantages in phylogenetic studies (LI et al., 2010) and RNF213, MLL and IRBP genes were each present in one paper (9.5%). Table 2 lists the mitochondrial and nuclear DNA markers used on the analyzed works.
The main nuclear DNA techniques that employ nuclear DNA, such as Restriction Fragment Length Polymorphisins (RFLP), Random Amplified Polymorphic DNA (RAPD) and Single Nucleotide Polymorphism (SNPs), were found in the publications analyzed. RFLP was used in 5 papers (11.90%), RAPD in 2 (4.76%) and SNP in only one publication.
The analyzed papers mainly focused on the phylogenetic position of the species within the Sciaenidae family or the genetic diversity and structure of populations. Taxonomy, phylogeography, hybridization events and genetic mapping were also research objectives of some studies (Figure 4) . Both nuclear and mitochondrial markers proved to be effective in solving taxonomy and phylogenetic issues and evaluating the genetic variability within the Sciaenidae family. However, mitochondrial markers were the most employed among the papers, despite a larger variety of nuclear markers being used (Table 2) . also explains the lack of research on Sciaenidae species of The Indian Ocean.
Most Sciaenidae species studied in these papers are marine species, Plagioscion squamosissimus was the mostly studied freshwater species through mitochondrial or nuclear DNA molecular markers. This shows its ecological and economic importance, even though six papers on this species are still of little significance. In spite of species diversity, few investigations dealt with the phylogenetic relationships of the Sciaenidae and the available studies do not provide satisfactory results (Santos et al., 2013) .
The most commonly used molecular markers were mitochondrial. Mitochondrial DNA is one of the most used in genetic evolutionary studies, population, phylogeography and phylogenetic analysis (Brown, 2008) .
The most frequently used mitochondrial DNA D-loop has been the main molecular marker to analyze genetic variation, including fish species (Panarari-Antunes et al., 2008; Hirayama et al., 2010; Lo Presti et al., 2010) .
The control region of the mitochondrial DNA characterized by the displacement loop (D-loop) is responsible for the control of light and heavy replication strands of mitochondrial DNA. As it is the only non-codified region of the mitochondrial genome, it suffers the lowest selection pressure from the rest of the molecule, resulting in high mutation rates. The control region evolution rate is two to five times greater than the rate of encoded mitochondrial proteins (Meyer, 1994; Avise, 2004) . Great variability in the region has made it extremely efficient in detecting differentiation and assessing the genetic and phylogeographic variability in fish (Avise, 2009; Brown, 2008) . As well as the Cytochrome b (Cyt b) gene that codifies an enzyme of the respiratory chain of the mitochondria oxidation metabolism (Kocher & Stepien, 1997) and is extensively used as "molecular clock" to calculate the genetic differentiation between species (García et al., 2000; Avise, 2004; Chen et al, 2014) . However, it is not suitable to estimate differences of intraspecies populations (Nei & Kumar, 2000) .
The ribosomal RNA genes have been much studied in plants and animals, especially for genetic characterization of species, evolution relationship and gene expression (Martins & Wasko, 2004) . The 16S rRNA provides useful information for phylogenetic 
DISCUSSION
There has been an increase in the publications that use molecular markers in recent years. Fabrin et al. (2014) , in their scientometric analysis of markers used in cyclid phylogeny, also reported an increase in publications that have employed molecular markers in the last years.
Similarly, we attribute this increase to the decrease in costs of molecular techniques, the necessary equipment that became more accessible, the researchers training and the dissemination and availability of new gene sequences in on-line data banks, making the research work easier. Furthermore, sharp falls in the number of publications between one year and another may be due to production cycles of research teams, as there is an increase of publications in the following year.
Regarding the affiliation of research groups that studied species of the Sciaenidae family through the use of molecular markers, most are from China, followed by Brazil. Sciaenidae species are found in The Atlantic, Indian and Pacific Oceans (Nelson, 2006) . This explains the highest number of papers by research teams in China, which has its coast embraced by The Pacific Ocean, and Brazil by The Atlantic. This inferences, that is why it was greatly employed in papers related to the phylogeny of the Sciaenidae family; similarly to the ATPase 6/8 gene that is widely used for phylogenic analysis and phylogeography of several fish species (Chow & Ushiama, 2004; Dammannagoda et al., 2008; Vergara-Chen et al., 2009) .
The mitochondrial gene cytochrome c oxidase (COI) was selected for the development of a data bank of DNA barcoding to identify species and amplify the discovery index of new species (Moritz & Cicero, 2004) . COI is very efficient in discriminating species and provides a highly preserved sequence that makes the use of universal primers easier (Hebert et al., 2003) . Thus, it has been greatly employed in taxonomy-aimed papers.
Among the nuclear markers, the Tmo-4C4 nuclear genes, RAG 1 and rhodopsin, RNF213, MLL and IRBP were used. The phylogenetic relationships between Stellifer, Odontoscion, Ophioscion and Bairdiella (Sciaenidae, Perciformes) were assessed through nuclear genes Tmo-4C4, RAG 1 and rhodopsin (Barbosa et al., 2014) . The nuclear marker Tmo-4C4 has been highly used in genre and fish family phylogenetic analysis (Rüber et al., 2004; Rocha et al., 2008) and it showed to be effective for molecular taxonomy combined with mitochondrial markers (Musilová et al., 2009; Viñas et al., 2010) .
The nuclear gene RAG 1 has been employed in phylogeny and phylogeography research (Barbosa et al., 2014; Cooke et al., 2012) , whereas a new nuclear marker, RNF213, and genes Rhodopsin, MLL and IRBP were used for the phylogenetic analysis among several Sciaenidae species (Li et al., 2009) .
Most analyzed papers mainly focused on understanding the phylogenetic position of the species within the Sciaenidae family or the genetic diversity and structure of the studied populations. Taxonomy, phylogeography, hybridization events and genetic mapping were the aim of some of the researches. Due to that, they employed effective markers to answer to these questions, such as the D-loop, which is effective to detect differentiation and evaluate genetic variability and phylogeography in fish; ATPase, widely used to analyze phylogeny and phylogeography; COI, efficient to discriminate species; Tmo-4C4, effective for molecular taxonomy when used combined with mitochondrial markers, among others.
CONCLUSION
The number of papers that use molecular markers in studies on the Sciaenidae family was low, considering its diversification and population. In addition, some phylogenetic relationships among some genres and species have not been entirely accounted for. Although there has been an increase in publications over the past years, they are mostly research works of scientists in four countries (China, Brazil, The United States and Japan), which have actually studied the species found in their geographic region while other species from other regions were left aside.
Less than half of the known Sciaenidae species have been studied through mitochondrial and nuclear DNA sequences. Most of the analyzed papers dealt with mitochondrial DNA sequences only, even though the combined analysis of mitochondrial and nuclear DNA sequences are much more productive.
Thus, we suggest that further research should be performed to improve knowledge on the phylogeny, phylogeography and taxonomy and also to assess the genetic diversity within the Sciaenidae family, especially through more comprehensive analyses and among the understudied groups.
